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Abstract 
Ensuring the space of air craft and high efficiency of air traffic are the main job tasks of the air traffic control 
automatic system. An Air Traffic Control Automatic System (ATCAS) and Markov model is put forward in this 
paper , which collected the 36 month failure data of ATCAS; A method to predict the s1,s2,s3 of ATCAS is based on 
Markov chain which predicts and validates the Reliability of ATCTS according to the deriving theory of Reliability. 
The experimental results show that the method can be used for the future research and proved to be practicable. 
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1.  Introduction  
Nowadays computer and information technology is widely applied in many domains, such as civil aviation, 
spaceflight、electronic power etc. The software used in those domains is more and more complex and 
costly , such as systems in air traffic control、patient watch、factory electronic watch and so on. 
Great pressure is posted upon the air traffic control because of the greater demand for flight. Air Traffic 
Control Automatic System (ATCAS) plays an important role in many aspects of ATC system, such as 
improving the air traffic control efficiency, lightening controller’s burden, promoting safety of ATC and so 
on. Its reliability affects air traffic’s safety directly. From 2005 to 2006,the fault of ATCAS occurs one 
after another in GuangZhou Air traffic control center, which results in serious delay .So the reliability of 
ATCAS comes to more and more important. The research on this area has been gotten left behind by other 
domains, there are few studies on ATCAS[1]. At present ,many arithmetic are advanced in order to improve 
the reliability of key software. As far as prediction is concerned, markov chain is an efficient model to 
use[2]. In this paper markov chain is used to predict the reliability of ATCAS, the results of the trial come 
out good which show that this method can be used for the future study. 
Reliability is defined as: In given condition, given times, the ability to finish the special task. The 
reliability of software is in given condition and given time, the probability of software run without error. 
Due to the ability of ATCAS has the direct relation with the life of passenger, once the error occurs the 
aftereffect is unthinkable. So the strict requirement is applied on the reliability . 
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2. Markov chain model 
Markov chain model is a useful mathematic method in reliability researching[3]. Study of the system states 
and the transition of these states is the main content of Markov chain model. When conditions which 
determine a state were satisfied in a system, the system was deemed to in that state. Dynamic change in 
system is designated as state transition. There are two basic kinds of model, one is discrete time model 
(markov chain model), the second one is succession time model(markov process model)。 
Assume that S is a countable set ,each i∈S is called a state and S is the state space. It is supposed 
that π=(π I :i∈A) is the measurement on A if 0<=π i <∞ for all i∈A . In addition, if the total mass 
∑ ∈ iIi π  equals 1, then we call π  an initial probability distribution. We can say that a matrix A=(Aij :i,j
∈A )is stochastic matrix. It means the probability form state i to state j, i, j∈A .We work throughout 
with a probability space<S, A, π > .state space S, and transition matrix A, initial distribution π . Based 
on the property of Markov chain, if π [t]presents the probability vector of time t then π  (t)= π  (t-1)A                                      (1) 
Based on the Markov chain property of n step transition we can get 
                             π  (t)= πA 1t−                                    (2) 
A
1t−
 is the transition matrix after t-1 step. Based on the formula (2) we can predict the fault times in 
the next one or more step. 
Markov chain can apply in ATCAS prediction modeling,the fault of ATCAS is the state space, matrix 
A can estimated from the fault data, every element of A can calculate through the follow formula. 
Aij ∑=
j
)j,i(c
)j,i(c
                            (3) 
In above formula, c(i,j)is the times that accessing j after i in the fault data. Aij is the probability form 
state i to state j, i,j∈A .  
If the Markov chain meet next formula: 
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Then this markov chain is the Stationary Distribution[3,4] . 
3. Sample data 
In Eurocat-X system there are many factors leading to fault. They can be divided into three grades: s1, s2, 
s3 in terms of their effect,which are defined in table 1[5,6]. 
Table 1 The define of the fault date grade 
Grade Remark Illustration 
S1 Fatal fault, can’t complete System frequently down ,can’t 
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basic function. accept MMI, Key server 
frequently down. 
S2 Serious fault, some function 
be affected seriously. 
One MMI down 
frequently(2/second，can’t 
complete some key function.  
S3 Common fault, affect some 
function, but can be solved in 
some way. 
Can’t display、cancel flight item 
timely, can’t spring handover 
timely. 
Table 2 shows an ATCAS fault data from May 2004 to September 2006, these fault data have been 
labeled the definition listed in table 1[7]. 
Number Date Grade Number Date Grade
1 20041010 s3 24 20051212 s3 
2 20050224 s3 25 20051229 s2 
3 20050302 s3 26 20060106 s1 
4 20050328 s1 27 20060123 s3 
5 20050511 s3 28 20060215 s3 
6 20050615 s2 29 20060216 s3 
7 20050622 s3 30 20060318 s3 
8 20050707 s3 31 20060329 s3 
9 20050707 s3 32 20060403 s3 
10 20050811 s3 33 20060413 s3 
11 20050830 s3 34 20060413 s3 
12 20050914 s3 35 20060427 s3 
13 20051009 s3 36 20060529 s3 
14 20051025 s3 37 20060627 s3 
15 20051031 s3 38 20060627 s3 
16 20051111 s3 39 20060703 s3 
17 20051111 s3 40 20060711 s3 
18 20051111 s3 41 20060823 s3 
19 20051115 s3 42 20060824 s3 
20 20051125 s3 43 20060828 s3 
21 20051202 s3 44 20060904 s3 
22 20051202 s3 45 20060912 s3 
23 20051205 s3 46 20060912 s3 
4. Numerical experiment and real data analysis 
The tri-matrix <S, A,π>can be elicited from table 2. 
S=(s1,s2,s3) 
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Figure 1 show the transfer probability of status space.  
                                              
Figure 1  the transfer probability figure of status space 
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On the basis of π (1)=π *A, the occur probability for each s1,s2,s3 in next month is 0.0440772，
0.0445544，0.9114184. 
So π 1=(0.0440772，0.0445544，0.9114184) 
In accordance with π (2)=π *A 2 , the respectively  
probability for each s1,s2,s3 in next second month is 0.0445031， 0.0444518， 0.9098706. 
So π 2=(0.0445031，0.044518，0.9098706) 
In the same way, we can get the probability of s1,s2,s3 in  
the next third, forth month. 
Based on the definition of smooth distribution, follow equation group can be obtained: 
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Compute this equation group:             
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   The fault time of ATCAS is 5 minutes every time. It is  
46 times in three years,23/6 hours. Total test time is 36mounths,26328 hours. 
The formula of system usability is 
         
U
U D
tA
t t
= +                                   (4) 
A is system usability, Ut is the natural runtime of software，tD is the downtime of software，tD = 
23/6 , Ut =26328-tD 
On the basis of the above formula, we can calculate the  
usability is 99.98544%. 
   D m Ut t tλ=                                                    (5) 
t m is every disabled downtime ，λ is disabled intensity. 
Following formula can be deduced based on the formula (4)and (5) 
           
1
m
A
At
λ −=
                                                    (6) 
According to trial data, 0017475.0=λ .Based on the system reliability formula R=e )t(λ ,fetch the 
reliability of ATCAS is R=99.8254026%.we can get the probability of system disabled is 1-R=1-
0.998254026=0.00145974.. 
Therefore, the frequency of s1,s2,s3 in the next month is 0.00006434，0.00006504，0.00133043. 
The frequency of s1,s2,s3 in the next second month is 0.00006496，0.00006488，0.001325152. 
In the same way, we can get the occur probability of s1,s2,s3 in the next third, forth ……month. 
Basis on the formula: fault times/ month=fault probability *software runtime/month. Geting the result 
shown as table 3. 
Table 3     predict result     unit: times 
Grade Data Data 
s1 0 0 
s2 0 0 
s3 11 11 
Table 4 is the fault data in December and November of year 2006. 
Table 4  the fault data 
Number Date Grade Number Date Grade 
1 20061003 s3 9 20061026 s3 
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2 20061005 s3 10 20061116 s3 
3 20061005 s3 11 20061105 s3 
4 20061016 s3 12 20061105 s3 
5 20061016 s3 13 20061107 s3 
6 20061006 s3 14 20061107 s3 
7 20061021 s3 15 20061123 s3 
8 20061026 s3    
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